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Favipiravir is an antiviral drug that is expected to have a therapeutic effect on SARS-CoV2 infection.
Teratogenicity and hyperuricemia are known as the main side effects of favipiravir, but little is known
about other side effects. This report describes a case of cholestatic liver injury induced by favipiravir. A
73-year-old Japanese with a history of alcoholic hepatitis was infected with SARS-CoV2. Drug therapy
was instituted with lopinavir/ritonavir combined with interferon b-1b. However, his condition worsened
despite additional support with continuous hemodiafiltration and veno-venous extracorporeal mem-
brane oxygenation. We suspected complications of bacterial pneumonia and started favipiravir in
addition to antimicrobial therapy. Favipiravir was administered at 6000 mg/day on the first day and 2400
mg/day for the second and subsequent days for 14 days. After the initiation of antibiotics, transaminase
and total bilirubin were elevated, suggesting a transient cholestasic liver dysfunction. The liver
dysfunction in this case may have been triggered by antibacterial treatment, and high dose of favipiravir
may have promoted the deterioration of liver function. Monitoring of liver function is vital and close
attention should be paid when using favipiravir at high doses or in patients with impaired liver function.

© 2020 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
1. Introduction

The novel coronavirus infection (COVID-19) caused by SARS-
CoV2 has quickly spread worldwide. As of May 2020, many as-
pects of the disease are not well understood, such as the infection
route, effective treatment modalities, and the clinical course after
infection. Research organizations worldwide are urgently con-
ducting numerous investigations and studies to find answers, and
many researchers and pharmaceutical companies are rapidly
developing therapeutic agents to combat the virus. Favipiravir is a
drug developed by the Japanese pharmaceutical company FUJIFILM
Toyama Chemical Co., Ltd., and it is approved in Japan for the
treatment of highly lethal or resistant flu. The drug can be used only
when the government deems it necessary in an emergency [1,2]. In
ba University Hospital, 1-8-1
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February 2020, when COVID-19 began to spread in Japan, favipir-
avir was not approved for COVID-19, and compassionate use of the
drug required approval from the ethics review committee in each
medical facility. The usage guidelines for favipiravir were first is-
sued by the Japanese Society of Infectious Diseases on February 22,
2020, and there have been regular revisions since then. However,
these guidelines had not yet been issued when we encountered a
patient in need of favipiravir treatment, so we provided treatment
based on the JIKI trial of favipiravir for Ebola virus disease [3].

The major side effects of favipiravir are teratogenicity and hy-
peruricemia [4], but little is known about other potential side ef-
fects, such as drug-induced liver damage and renal injury. Here we
describe our experience with favipiravir-induced cholestatic liver
injury and discuss implications for clinical practice.
ous Diseases. Published by Elsevier Ltd. All rights reserved.
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1.1. Case report

The patient was a 73-year-old Japanese man (height, 166 cm;
weight, 71 kg) with COVID-19. He was a member of cruising tour
ship and diagnosed infected with SARS-CoV2 in early February.
Before diagnosis of COVID-19, he was administered prednisolone
because of sudden deafness. He had history of hypertension,
hyperlipidemia, gastric ulcer, benign prostatic hyperplasia, and
alcoholic hepatitis. He was transferred to our hospital after being
admitted to another hospital. On admission, computed tomography
showed infiltrative shadows on the lung fields bilaterally and
ground-glass opacities extending to the upper part of the middle
lobe. Respiratory/ventilatory support parameters were FiO2 0.6,
positive end-expiratory pressure 10 cmH2O, minute volume 10 L,
PaO2/FIO2 ratio 130, and pCO2 40 mmHg. Drug therapy was insti-
tutedwith lopinavir/ritonavir combinedwith interferon b-1b based
on a report by Chan et al. [5]. His condition, however, worsened
despite additional support with continuous hemodiafiltration
(CHDF) and veno-venous extracorporeal membrane oxygenation
(ECMO). In addition, respiratory failure worsened further, so van-
comycin and antithrombin III agents were added. Subsequently, we
decided to use favipiravir as treatment for the COVID-19 at a dose of
6000 mg on day 1 and 2400 mg/day from day 2 onward, for a total
of 14 days. The Figure shows the transition of liver function test
values and the course of treatment. Transaminases were elevated
until day 4: aspartate aminotransferase (AST) from 70 U/L (day 0) to
112 U/L (day 4) and alanine aminotransferase (ALT) from 37 U/L to
59 U/L, respectively. Total bilirubin (T-BiL) increased until day 3
from 5.2 mg/dL to 12.6 mg/dL. In addition, g-glutamyl trans-
peptidase (g-GTP) increased up to day 4 (32 U/L to 229 U/L), alka-
line phosphatase (ALP) up to day 5 (292 U/L to 710 U/L), lactate
dehydrogenase (LDH) up to day 8 (692 U/L to 1182 U/L) (see Fig. 1).
Fig. 1. Changes in liver function test values and usage of antimicrobials and extracorporea
alanine aminotransferase, LDH: lactate dehydrogenase; ALP: alkaline phosphatase; g-GTP:
interferon-beta-1b; CFPM: cefepime; MEPM: meropenem; VCM: vancomycin; MINO: mino
CHDF: continuous hemodiafiltration; VeV ECMO: veno-venous extracorporeal membrane o
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Bloody stools appeared from day 3 after the start of favipiravir. On
day 6, blood pressure decreased, so we increased the dose of
catecholamine and started continuous administration of steroids.
Trimethoprim-sulfamethoxazole was added based on the results of
sputum culture, and micafungin was added because of elevated
serum b-D-glucan level. Blood transfusion was given as needed
because of progressing anemia after day 6. Micafungin adminis-
tration was discontinued when b-D-glucan became undetectable,
and on day 13 vancomycin was also discontinued. On day 11,
however, transaminases peaked again (AST, 268 U/L; ALT, 115 U/L)
and total bilirubin was also rising. Polymerase chain reaction assay
results were positive in blood samples until day 4, but remained
negative thereafter in both blood and sputum.
2. Discussion

We encountered a case of cholestatic liver injury in the early
stages of favipiravir treatment for COVID-19. Based on the CIMOS/
RUCAM scoring system, it was classified as a cholestatic liver injury,
with a score of 6 (possible) [6]. To our knowledge, there have been
no previous reports of acute cholestatic liver injury caused by
favipiravir, and possible risk factors are as yet unknown. We
consider this a case of acute liver injury for a number of reasons.
First is the history of alcoholic hepatitis. The patient had been
drinking about 500 mL of Japanese sake for 50 years. The standard
alcohol content of sake is around 15% alcohol by volume, that is to
say, this patient consumed 75 g of alcohol a day for 50 years. With
this history, he started to take favipiravir under conditions of pre-
existing compromised liver function from baseline. Although it was
difficult to evaluate for encephalopathy and ascites, the Child-Pugh
classification was speculated as B from the test values before
starting the favipiravir. Second, the favipiravir dose was high in this
l circulation devices over the treatment course. AST: aspartate aminotransferase, ALT:
g-glutamyl transpeptidase; T-BiL: total bilirubin; LPV/r: lopinavir/ritonavir; INF-b-1b:
cycline; ST: trimethoprim-sulfamethoxazole; LVFX: levofloxacin; MCFG: micafungin;
xygenation.
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case. Favipiravir dosage is 3200 mg/day on the 1st day and 1200
mg/day on the 2nd day and later as an adapted dose for the new
influenza in Japan. However, we determined the dose based on that
used in the JIKI trial whichwas an experimental treatment for Ebola
virus disease, in order to gain the maximum effect against an as yet
unknown virus. According to the package insert, the AUC of favi-
piravir increases 1.70e1.79 times in the presence of mild or mod-
erate liver injury. Furthermore, Vincent et al. reported that blood
levels of favipiravir in patients with Ebola virus disease were
approximately 50% in American patients compared with Japanese
patients [7]. We administered a high dose of favipiravir in this case
to a Japanese patient with moderate liver damage, and this initial
high exposure may have contributed to drug-induced liver injury.

Favipiravir may also be likely cause liver damage from the
viewpoint of its chemical structure. Pyrazinamide, an antituber-
culosis drug, has as a typical side effect hepatotoxicity, although the
exact mechanism is unclear [8]. Favipiravir is structurally very
similar to pyrazinamide, and it can be regarded as a potentially
hepatotoxic drug.

There are three limitations to mention about this case. First, it
appears that ALT, AST, and LDH began to increase before favipiravir
administration. This may be due to the effects of the vancomycin or
meropenem started previously. Although this may have contrib-
uted to the liver damage at least in part, the findings of elevated
ALP, g-GTP, and total bilirubin from close to day 0, which suggested
cholestatic liver injury, are consistent with a high loading dose of
favipiravir. In other words, the possibility of simultaneous liver
damage caused by multiple drugs and cholestatic liver damage
caused by favipiravir cannot be ruled out. Second, the risk of
microthrombosis has been reported in severe cases of COVID-19 [9].
This case is a severe condition, and the possibility that micro-
thrombosis may have caused biliary obstruction cannot be ruled
out. Furthermore, SARS-CoV-2 itself may have caused liver damage.
Recently, it was reported that the entry gateway for SARS-CoV-2 is
the angiotensin-converting enzyme 2 (ACE2) receptor [9e11]. the
ACE2 receptor is not only expressed in the lung but also in the liver,
especially in cholagiocyte compared to hepatocyte [9,13]. However,
most previous cases of liver injury in COVID-19 patients were
characterized by the elevation of ALT and AST, but not by the
elevation of T-Bil, ALP and g-GTP [10,12,13]. In our case, cholestatic
liver injury was suspected due to the markedly elevation of T-BiL
and ALP, g-GTP peaked on day 4. However, no findings to date have
been reported to characterize liver damage as either COVID-19 or
drug-induced. Thus, based on the timing and circumstantial evi-
dence, we cannot rule out an effect of favipiravir. Third, the reason
for the liver damage seen after day 7 is unclear. Respiratory and
circulatory dynamics worsened in this patient around day 6 after
favipiravir administration, possibly due to disruption of tissues in
the body. Other medications are also being considered, but there
has been no improvement after discontinuation of the medications
and the relevance is difficult to determine.

This is the first case of favipiravir-induced cholestatic liver injury
to be reported. Severe acute liver injurymay occur when high doses
of favipiravir are used, particularly in patients with impaired liver
function. Monitoring of liver function is vital and close attention
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should be paid when using favipiravir at high doses or in patients
with impaired liver function.
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